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DESCRIPTION 
ZOOM LENS, AND VIDEO CAMERAAND 
DIGITAL STILL CAMERA USING THE SAME 



5 Tfechnical Field 

The present invention relates to a zoom lens that is used for a video camera 
or the like, and that is provided with a fimction for optically correcting image shake 
caused by camera shake or vibrations^ and a video camera and a digital stiU camera 
vising such a zoom lens. 

10 

Bad^roimd Art 

In recent years, in imaging systems such as video cameras, an anti-shake 
function that prevents vibrations such as camera shake has become indispensable, 
and varioiis types of anti-shake optical systems have been proposed. 

15 For example, in the video camera disclosed in JP H8-29737A, an optical 

system for correcting camera shake made of two lenses is placed in fix)nt of a zoom 
lens, and image fluctuations due to camera shake are corrected by shifting one of 
those lenses perpendicularly with respect to the optical axis. 

In the video camera disclosed in JP H7-128619A, a zoom lens made of four 

20 lens groups is used, and image fluctuations due to camera shake are corrected by 
shifting a part of the third lens group made of a plurahty of lenses perpendicidarly 
with respect to the optical axis. 

However, ia the video camera disclosed in JP H8-29737A, since the optical 
^stem for correcting camera shake is placed in front of the zoom lens, the lens 

25 diameter of the optical system for correcting camera shake becomes large. As a 

consequence, the video camera itself also becomes larger, and the load on the driving 
system becomes larger, which is disadvantageous with regard to making the video 
camera smaller and Hghter, and reducing its power consimiption. 

Furthermore, in the video camera disclosed in JP H7-128619A, image 

30 fluctuations due to camera shake are corrected by shifting perpendicularly with 

respect to the optical axis some of the lenses of the third lens group that is fixed with 
respect to the image plane, so that it is advantageous with regard to size compared 
to. video cameras in which the optical system for correcting camera shake is placed in 
fix)nt of the zoom lens, but since a part of the third lens group is moved, degradation 

35 of chromatic aberration during correction of camera shake cannot be avoided. 



1 



Disdosure of Invention 

It is an object of the present invention to solve the above-described problems 
of the related art, and to present a zoom lens composed of four lens groups, in which 
camera shake can be corrected by shifting a third lens group that is fixed as a whole 
5 with respect to the image plane, in a perpendicular direction with respect to the 
optical axis when zooming and focusing. The zoom lens also can prevent 
degradation of chromatic aberration durii^ correction of camera shake. The 
present invention presents a video camera and a digital stLQ camem using this zoom 
lens, which can be smaller in size, lighter in weight and power saving. 

10 In order to attain this object, a first configuration of a zoom lens in 

accordance with the present invention includes- 

a first lens group that includes a lens havii^ negative refiractive power and 
a lens having positive refiractive power, as well as a lens havii^ positive refi-active 
power, arranged in that order firom an object side to an image plane side, the first 

15 lens group having an overall positive refi-active power and being fixed with respect to 
an image plane? 

a second lens group having an overall negative refi'active power, a zoom 
operation being carried out by shifting the second lens group on an optical axis; 
an aperture stop that is fixed with respect to the image plane; 

20 a third lens group that is made of a lens having positive refiractive power, as 

weU as a lens having a positive refiractive power, and a lens having negative 
refiractive power, arranged in that order from the object side to the image plane side, 
the third lens group having an overall positive refi:-active power and being fixed with 
respect to the optical axis direction when zooming or focusing; and 

25 a fourth lens group that is made of a lens having positive refiractive power, a 

lens havii^ negative refiractive power and a lens havic^ positive refiractive power, 
arranged in that order fix)m the object side to the image plane side, the fourth lens 
group havii^ an overall positive refi-active power and beii^ slufted on the optical 
axis so as to maintain the image plane that fluctuates when the second lens group is 

30 shift;ed on the optical axis and when the object moves, at a certain position from a 
reference plane; 

wherein the second lens group is made of a concave meniscus lens, a 
concave lens, a double convex lens and a concave lens, arranged in that order fi-om 
the object side to the image plane side, and includes at least one aspheric surface; 
35 wherein the third lens group includes a cemented lens having a cemented 

sur&ce whose convex surface feces the image plane side, the third lens group can be 
shifted in a direction perpendicular to the optical axis in order to correct image 
fluctuations 
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diiring camera shake, and includes at least one aspheric sxirfece* and 

wherein the fourth lens group includes at least one aspheric surfece. 

According to the first configuration of a zoom lens, a zoom lens having a 
function of correcting camera shake, which is also capable of preventing degradation 
of chromatic aberration during camera shake and can be smaller in size, hghter in 
weight and power saving, can be provided. 

Also, in the first configuration of the zoom lens of the present invention, it is 
preferable that the fourth lens group is made of a concave lens, a convex lens and a 
concave lens, arranged in that order &om the object side to the image plane side, and 
that all of these lenses are cemented together. 

It is also preferable in the first configuration of the zoom lens of the present 
invention that the fourth lens group is made of three lenses and that all of these 
lenses are cemented together, which satisfies conditions of the following Expressions 
(l) and (2) when x^o indicates transmittance of l^ht having a wavelei^th of 370 nm 
and indicates transmittance of l^ht having a wavelength of 380 nm at a part of a 
lens where the thickness is 10 nm, the lens beir^ the second in the fourth lens group 
when viewed fix)m tiie object side. 



By configuring the fourth lens group with three lenses, aberrations such as 
chromatic aberration can be corrected feivorably. Also, since cementing all of the 
three lenses together corresponds to combining one lens, the tolerance can be 
relieved. 

Expressions (l) and (2) define transmittance in an ultraviolet ray (UV) 
wavelength region of a lens positioned in the midst of the cemented lenses. For 
cementing three lenses, as shown in FIG. 1, two lenses first are cemented together, 
and then a third lens is cemented thereto. When cementing the third lens, the 
previously cemented parts are also UV-irradiated. This may lead to excessive UV 
irradiation, thereby degrading strength at the first cemented surfeces and thus it 
may result in peeling of the bonded surfaces. Therefore, regarding the material of 
the center lens, it is necessary to define the transmittance in the UV wavelength 
region. Above the upper limits of Expressions (l) and (2), the transmittance in the 
UV wavelength region is increased extremely, which will cause difficulty in feivorably 
cementing the three lenses. On the contrary, below the lower limit of Expressions 
(l) and (2), sufficient UV irradiation for a permanent curing cannot be performed, 
and thus the previously cemented parts will have insufficient strength and may be 
peeled easily. 



0.02 <x^o< 0.2 
0.2 <TS80< 0.55 



(1) 
(2) 



A sec»nd configuration of a zoom lens in accordance with the present 
invention includes- 

a first lens group that includes a lens having negative refi-active power and 
a lens having positive refi'active power, as well as a lens having positive refi-active 
power, arranged in that order from an object side to an image plane side, the first 
lens group having an overall positive refiractive power and being fixed with respect to 
an image plane? 

a second lens group having an overall negative refractive power, a zoom 
operation being carried out by shifting the second lens group on an optical axis; 

an aperture stop that is fixed with respect to the image plane; 

a third lens group that is made of a lens having positive refractive power, as 
well as a lens having positive refi^ctive power and a lens having negative reflective 
power, arrai^d in that order from the object side to the image plane side, the third 
lens group having an overall positive refiective power and being fixed with reject to 
the optical axis direction when zoomii^ or focusing; and 

a fourth lens group that is made of a lens having positive reflective power, a 
lens having negative refractive power and a lens having positive refractive power, 
arrai^d in that order firom the object side to the image plane sidie, the fourth lens 
group having an overall positive reflective power and beii^ shifted on the optical 
axis so as to maintain the image plane that fluctuates when the second lens group is 
shifted on the optical axis and when the object moves, at a certain position flrom a 
reference plane; 

wherein the second lens group includes at least one aspheric surfece; 

wherein the third lens group is made of three single lenses includir^ a 
convex lens, a concave lens and a convex lens, arranged in that order fix)m the object 
side to the image plane side, and can be shifted in a direction perpendicular to the 
optical axis in order to correct image fluctuations during camera shake, and includes 
at least one aspheric surfiice; and 

whereia the fourth lens group is made of three single lenses and includes at 
least one aspheric surfe.ce. 

According to this second configuration of a zoom lens, particvilarly by 
configuring the third and fourth lens groups with single lenses alone, the design 
parameter is increased to allow improvement of the performance. 

A third configuration of a zoom lens in accordance with the present 
invention includes' 

a first lens group that includes a lens having negative refractive power and 
a lens having positive refractive power, as well as a lens having positive reflective 



power, arranged in that order fix)m an object side to an image plane side, the first 
lens group having an overall positive refiractive power and being fixed with respect to 
an image plane; 

a second lens group having an overall negative refiractive power, a zoom 
operation beiag carried out by shifting the second lens group on an optical axis; 

an apertiare stop that is fixed with respect to the image plane; 

a third lens group that is made of a lens haviag positive refi-active power, as 
weU as a lens having a positive refi-active power, and a lens having negative 
refi'active power, arranged in that order fcom the object side to the image plane side, 
the third lens group having an overall positive refi:^ctive power and being fixed with 
respect to the optical axis direction when zooming or focusing; and 

a fourth lens group being shifted on the optical axis so as to maintain the 
image plane that fluctuates when the second lens group is shifted on the optical axis 
and when the object moves, at a certain position fix>m a reference plane; 

wherein the second lens group is made of a concave meniscus lens, a double 
concave lens, a double convex lens and a convex lens, arranged in that order fix)m 
the object side to the image plane side, and includes at least one aspheric sur&ce; 

wherein the third lens group is made of a double convex lens and also a 
cemented lens indudin^ a convex lens and a concave lens, arrai^d in that order 
firom the object side to the image plane side, which can be shifted in a direction 
perpendicular to the optical axis in order to correct image fluctuations during 
camera shake and includes at least one aspheric sur&oe; and 

wherein the fourth lens group is made of one convex lens and includes at 
least one aspheric surface. 

According to the third configuration of the zoom lens, by configuring the 
fourth lens group with one convex lens, the manu&icturing cost is lowered and the 
assembly tolerance can be reheved. 

In the first to third configurations of the zoom lens of the present invention, 
it is preferable that the conditions of the foUowing Expressions (3) and (4) are 
satisfied when RIH indicates image height, fi indicates a focal length of the first lens 
group, and indicates a focal length of the second lens group. 



E5q)ression (3) is a condition for appropriately defining the focal length of 
the second lens group and for realizing both high performance and size reduction. 
Since the required focal length varies depending on the fi'ame size, it is normalized 
by a fi:Bme size. Above the upper limit of E3q)ression (3), the variation in the 



2.0< I f2/RIH I <3.0 
0.16< I f2/fi I <0.22 



(3) 
(4) 



aberration during a shift of the second lens group when zooming is relieved, but the 
shifting distance becomes large, thereby hindering the size reduction. 

Expression (4) defines the focal length of the first lens group, which is 
required after Ebq)ression (3) is satisfied. Above the upper limit of Expression (4), 
the first lens group will have excessive power, resulting in flare. PartdcvQarly, flare 
of lower light beams will occur easily, fix)m the standard position to the tele end. 
Below the lower limit of Expression (4), less flare will occur. However, since the 
power of the first lens group is weakened excessively, longitudinal chromatic 
aberration will occur easily at the tele end. 

In the first to third configurations of the zoom lens of the present invention, 
it is preferable that the condition of the following Expression (5) is satisfied when fi 
indicates a focal lei^th of the first lens group, and fu-12 indicates a combined focal 
length of a first lens and a second lens of the first lens group viewed from the object 
side. 

3.2 < fu-12 /fi< 5.0 (5) 
E^xpression (5) is a condition for favorably correcting longitudinal chromatic 
aberration and coma aberration at the tele end. Above the upper limit of 
Expression (5), the power of the cemented surfeces wfll be weakened, and thus 
sufficient achromatism cannot be obtained. As a result, the longitudinal chromatic 
aberration at the tele end will be magnified. On the contrary, below the lower limit 
of Expression (5), since the power of the cemented sur&ces will be excessively strong 
with respect to the entire focal length, coma flare will occur easily &om the standard 
position to the tele end. 

In the first to third configurations of the zoom lens of the present invention, 
it is also preferable that the condition of the following Expression (6) is satisfied 
when fi3 indicates a focal length of a third lens of the first lens group viewed fix)m the 
object side, and fi32 indicates a focal length of a svirface of the third lens of the first 
lens group, facing the image plane when viewed from the object side. 

-2.5<fi32/fi3<-1.5 (6) 
Expression (6) is a condition for fevorably correcting distortion and coma 
aberration. Above the upper limit of Expression (6), astigmatism is overcorrected, 
thereby enlarging a barrel distortion. Below the lower limit of E^qjression (6), coma 
flare will occur easily and enlarge a pin-cushion distortion. 

In the first to third configurations of the zoom lens of the present invention, 
it is also preferable that the condition of the following Expression (7) is satisfied 
when dsag^i indicates an aspheric amount at the 10% efiective aperture of an i-^ 
aspheric sxar&ce of the second lens group viewed fix>m the object side, and dsagsas 



indicates an aspheric amount at the 90% effective aperture of an i-* aspheric sxir&ce 
of the second lens group viewed fix)m the object side. 

-0.23 < dsag^i / dsag2i9 < -0.10 (7) 
Expression (7) is a condition for fevorably correcting coma aberration. In a 

5 case where an aspheric surfeice is used for the concave surfeice, above the upper limit 
of Expression (7), the aspheric amount in the vicinity of the effective aperture is 
decreased excessively, therefore coma flare of the lower light beams will not be 
corrected siifl&dently, particularly at the periphery of the picture plane in a range 
from the wide-angle end to the standard position. On the contrary, below the lower 

10 limit of Expression (7), the coma flare is overcorrected. When an aspherical surface 
is used for a convex surface, the operation is performed in a reversed manner. 

In the first to third configurations of the zoom lens of the present invention, 
it is also preferable that the aspheric surface of the second lens group is arranged the 
closest to the image plane side, and that the concave sxirface faces the image plane 

15 side. Since an off-axis principal light beam he^it becomes low on the surface of the 
second lens group arranged closest to the image plane, according to this preferred 
example, the coma abermtion can be corrected without haviii^ much influence on 
the astigmatism. Moreover, since the concave surface faces the image plane side, 
the pin-cushion distortion occurring at a position between a wide-angle end and a 

20 standard position can be corrected favombly. 

In the first to third configurations of the zoom lens of the present invention, 
it is also preferable that the condition of the following Expression (8) is satisfied 
when dsagaii indicates an aspheric amount at the 10% effective aperture of an i-*** 
aspheric surface of the third lens group viewed fxxmx the object side, and dsagsis 

25 indicates an aspheric amount at the 90% effective aperture of an i-*^ aspheric surface 
of the third lens group viewed from the object side. 

-0.24 < dsagsii / dsagais < -0.15 (8) 
Expression (8) is a condition for favorably correcting spherical aberration. 
The third lens group, at which the light flux has a large diameter, has a particularly 

30 great influence on the longitudinal performance. In a case where an aspheric 
surface is used for the convex surface, above the upper limit of the Expression (8), 
light beams on the axis are overcorrected. Below the lower limit of Expression (8), 
the light beams on the axis are corrected insufficiently When an aispherical stirface 
is used for a concave surface, the operation is performed in a reversed manner. 

35 In the first to third configurations of the zoom lens of the present invention, 

it is also preferable that the condition of the following Expression (9) is satisfied 
when dsag4ii indicates an aspheric amoxmt at the 10% effective aperture of an i-* 
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aspheric sxirfeice of the fourth lens group viewed from the object side, and dsag4i9 
indicates an aspheric amount at the 90% effective aperture of an r*^ aspheric surfece 
of the fourth lens group viewed fiom the object side. 

-0.45 < dsag4ii / dsag4i9 < -0. 13 (9) 
EJxpression (9) is a condition for feivorably correcting coma aberration. The 
fourth lens group has a great inQuence on performance of off-axis hght beams, and 
particvdarly, performance of upper light beams. In a case where an aspheric surfece 
is used for the convex surfece, above the upper limit of Expression (9), the aspheric 
sur&ce amount at the periphery is decreased excessively, therefore the off-axis upper 
light beams at the periphery of the picture plane is overoorrected. On the contrary, 
below the lower limit of Expression (9), the correction will be insxifl&cient. When an 
aspherical sur&ce is used for a concave sur&ce, the operation is performed in a 
. reversed manner. 

In the first to third configurations of the zoom lens of the present invention, 
it is also preferable that the condition of the following Expression (10) is satisfied 
when REH indicates an image height, Sgi indicates a specific gravity of each lens and 
CLd indicates a lens diameter of each lens in the third lens group. 

S (Sgi • CLi^) / RIH < 50 (10) 

F=l 

The third lens group shifts as a whole in a direction perpendicular to the 
optical axis in order to correct fluctuations of the image during camera shake. 
When correcting the camera shake, for operatii^ the lens group constantiy, the 
power consumption is increased with the increase in weight. Since thrust is also 
necessary, a large-sized actuator is required. Expression (10) is a condition for 
formulating the we^t of the third lens group. The lens weight is proportional to 
squares of the specific gravity and the lens diameter. The lens size varies 
depending on the image height, and since the size allowance of an applicable 
actuator will vary, the lens size is normalized by the image height. Above the upper 
hmit of Expression (10), both the lens barrel and the power consumption will be 
increased excessively. 

A video camera accordu^ to the present invention is configured as a video 
camem having a zoom lens, where the zoom lens of the present invention is used. 

A digital still camera according to the present invention is configured as a 
digital stiU camera having a zoom lens, where the zoom lens of the present invention 
is used. 
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Brief Description of Drawings 

FIG. lAand FIG. IB are schematic views showing a method of cementing 
three lenses. 

FIG. 2 is a block diagram showing a basic configuration of a zoom lens 
5 having a camera shake correction function according to the present invention. 

FIG. 3 is a layout iQustrating the configuration of a zoom lens according to 
Example 1 of the present invention. 

FIGs. 4A-4E show aberration graphs for the wide-angle end of the zoom 
lens in Example 1 of the present invention. 
10 FIGs. 5A-5E show aberration graphs for the standard position of the zoom 

lens in Example 1 of the present invention. 

FIGs. 6A-6E show aberration graphs for the tele end of the zoom lens in 
Example 1 of the present invention. 

FIGs. 7A-7C show the aberration graphs durir^ a camera shake correction 
15 at the tele end in Elxample 1 of the present invention. 

FIGs. 8A-8E show aberration graphs for the wide-angle end of the zoom 
lens in Example 2 of the present invention. 

FIGs. 9A-9E show aberration graphs for the standard position of the zoom 
lens in Example 2 of the present invention. 
20 FIGs. lOA-lOE show aberration graphs for the tele end of the zoom lens in 

Example 2 of the present invention. 

FIGs. IIA-IIC show the aberration graphs durii^ a camera shake 
correction at the tele end in Example 2 of the present invention. 

FIG. 12 is a layout iUustratii^ the configuration of a zoom lens according to 
25 Elxample 3 of the present invention. 

FIGs. 13A13E show aberration graphs for the wide-angle end of the zoom 
lens in Example 3 of the present invention. 

FIGs. 14A-14E show aberration graphs for the standard position of the 
zoom lens in Example 3 of the present invention. 
30 FIGs. 15A15E show aberration graphs for the tele end of the zoom lens in 

Example 3 of the present invention. 

FIGs. 16A-16C show the aberration graphs during a camera shake 
correction at the tele end in Example 3 of the present invention. 

FIG. 17 is a layout iQustrating the configuration of a zoom lens according to 
35 Example 4 of the present invention. 

FIGs. 18A-18E show aberration graphs for the wide-angle end of the zoom 
lens in Example 4 of the present invention. 
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FIGs. 19A-19E show aberration graphs for the standard position of the 
zoom lens in Example 4 of the present invention. 

FTGs. 20A-20E show aberration graphs for the tele end of the zoom lens in 
Example 4 of the present invention. 

FIGrs. 21A-21C show the aberration graphs during a camera shake 
correction at the tele end in Example 4 of the present invention. 

FIG. 22 is a layout illxistrating a configuration of a video camera according 
to a fourth embodiment of the present invention. 

flG. 23 is a perspective view showing a configuration of a digital still 
camera according to a fifth embodiment of the present invention. 

Best Mode for Carrying out the Invention 

The present invention will be explained below more specifically, by referrii^ 
to some embodiments. 

FIG. 2 shows a basic conjuration of a zoom lens provided with a camera 
shake correction fimction according to the present invention. As shown in FIG. 2, a 
zoom lens of the present invention consists of four lens groups composed of a first 
lens group, a second lens group, a third lens groiq) and a fourth lens group, arranged 
in that order fit>m an object side to an image plane side. In this case, the second 
lens group conducts zooming, and the fourth lens group conducts focus adjustment. 
Moreover, by shifting the third group in a perpendicular direction with respect to the 
optical axis, image fluctuations diiring camera shake are corrected. 
(First Embodiment) 

A zoom lens in this embodiment includes* 

a first lens group that includes a lens having negative refi*active power and 
a lens having positive refi-active power, as well as a lens having positive refi-active 
power, arranged in that order from an object side to an image plane side, the first 
lens group having an overall positive refiractive power and being fixed with respect to 
an image plane; 

a second lens group that is made of a concave meniscus lens, a concave lens, 
a double convex lens and a concave lens, arranged in that order fix)m an object side 
to an image plane side, the second lens group having an overall negative refi-active 
power, a zoom operation being carried out by shifting the second lens group on an 
optical axis; 

an aperture stop that is fixed with respect to the image plane; 
a third lens group that is made of a lens having positive refiractive power, as 
weU as a lens having a positive refiractive power and a lens having negative 
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refractive power, arranged in that order from the object side to the image plane side, 
the third lens group having an overall positive refractive power and being fixed with 
respect to the optical axis direction when zooming or focusing; and 

a fourth lens group that is made of a lens having positive refractive power, a 
5 lens having negative refractive power and a lens having positive refractive power, 
arranged in that order fix)m the object side to the image plane side, the fourth lens 
group having an overall positive refractive power and being shifted on the optical 
axis so as to maintain the image plane that fluctuates when the second lens group is 
shifted on the optical axis and when the object moves, at a certain position from a 
lb reference plane. 

The third lens group includes a cemented lens having a cemented sur&ce 
whose convex sur&^ce feices the image plane side, and can be shifted in a direction 
perpendicular to the optical axis in order to correct image fluctuations diuing 
camera shake. 

15 Furthermore, the second lens group, the third lens group or the fourth lens 

group includes at least one aspheric sur&ce. 

It shoxild be noted that such an aspherical surfeice is defiaed by the 

following Equation 1 (this also applies to the following Second and Third 

Embodiments). 
20 (Equation 1) 

SAG= hVr — +D-H'^+E-H^+F-H^+G-H^° 

uVwi+K) (H/R)^ 

In Equation 1, H denotes the height from the optical axis, SAG denotes the 
25 distance from the vertex on the aspherical surfoce at a height H fix)m the optical axis, 
R denotes the radius of curvature at the vertex of the aspherical surfo^ce, K denotes a 
conic constant, and D, E, F, G denote aspheric coefiELdents. 

It is preferable that the fourth lens group is made of a concave lens, a convex 
lens and a concave lens, arranged in that order from the object side to the image 
30 plane side, and that all of these lenses are cemented together. 

In the zoom lens of this embodiment, all of the lenses in the fourth lens 
group are cemented together, and preferably, conditions of the following Expressions 
(l) and (2) are satisfied when xsto indicates transmittance of hght haviri^ a 
wavelength of 370 nm and xaso indicates transmittance of Ught having a wavelength 
35 of 380 nm at a part of a lens where the thickness is 10 nm, the lens is the second in 
the fourth lens group when viewed from the object side. 

0.02 <T370< 0.2 (1) 
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0.2 <T380< 0.55 (2) 
In the zoom lens of this embodiment, it is preferable that the conditions of 
the following Expressions (3) and (4) are satisfied when RIH indicates image height, 
fi indicates a focal length of the first lens group, and indicates a focal length of the 
second lens group. 

2.0< I fc/RIH I <3.0 (3) 
0.16< I fe/fi I <0.22 (4) 
In the zoom lens of this embodiment, it is preferable that the condition of 
the following E3q)ression (5) is satisfied when fi indicates a focal length of the first 
lens group, and fii-12 indicates a combined focal length of a first lens and a second 
lens of the first lens group viewed from the object side. 

3.2<fu-i2/fi<5.0 (5) 
In the zoom lens of this embodiment, it.is also preferable that the condition 
of the following Expression (6) is satisfied when fi3 indicates a focal length of a third 
lens of the first lens group viewed &om the object side, and fi32 indicates a focal 
length of a siir&ce of the third lens of the first lens group fsicii^ the image plane 
when viewed firom the object side. 

-2.5<fi32/fi3<-1.5 (6) 
In the zoom lens of this embodiment, it is also preferable that the condition 
of the following Expression (7) is satisfied when dsag^ii indicates an aspheric amoimt 
at the 10% effective aperture of an i-* aspheric svir&ce of the second lens group 
viewed fix)m the object side, and dsag!2i9 indicates an aspheric amount at the 90% 
effective aperture of an i-* aspheric surfeice of the second lens group viewed fixjm the 
object side. 

-0.23 < dsagai / dsag^ < -0. 10 (7) 
In the zoom lens of this embodiment, it is also preferable that the aspheric 
surfece of the second lens group is arranged the closest to the image plane side, and 
that the concave surfece feces the image plane side. 

In the zoom lens of this embodiment, it is also preferable that the condition 
of the following Expression (8) is satisfied when dsagaii indicates an aspheric amount 
at the 10% effective aperture of an i-^ aspheric surface of the third lens group viewed 
from the object side, and dsagsis indicates an aspheric amount at the 90% effective 
aperture of an r*^ aspheric surface of the third lens group viewed fix)m the object 
side. 

-0.24 < dsagsii / dsagsis < -0.15 (8) 
In the zoom lens of this embodiment, it is also preferable that the condition 
of the following Expression (9) is satisfied when dsag4ii indicates an aspheric amount 
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at the 10% efifective aperture of an i-*^ aspheric svirface of the foxirth lens group 
viewed fix)m the object side, and dsag4i9 indicates an aspheric amount at the 90% 
effective aperture of an i**^ aspheric siirfiace of the fourth lens group viewed icoia the 
object side. 

"0.45 < dsag4ii / dsag4i9 < -0. 13 (9) 
In the zoom lens of this embodiment, it is also preferable that the condition 
of the following Expression (10) is satisfied when RIH indicates an image height, Sgi 
indicates a specific gravity of each lens and CLd indicates a lens diameter of each lens 
in the third lens group. 

S (Sgi • CLi2) / RIH < 50 (10) 

The following is a more detailed e:3q)lanation of a zoom lens according to this 
embodiment, illustrated by spedfic examples. 
(Example l) 

Table 1 below shows a specific numerical example of a zoom lens according 
to this example. 
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Clkble 1) 



Group 


Surface 


r 


d 


n 


V 


Sg 


CL 




1 


5 2. 


5 7 4 


1 . 


3 0 


1 . 


8 4 6 6 6 


2 3. 


9 








2 


2 9. 


0 6 2 


6. 


0 0 


1 . 


4 8 7 4 9 


7 0. 


4 






1 


3 


— 4 2 8. 


2 6 3 


0 . 


1 5 
















4 


2 8. 


2 0 4 


3. 


8 0 


1 . 


7 7 2 5 0 


4 9. 


6 








b 


9 3 . 


8 1 7 




variabfe 
















o 


9 3. 


8 1 7 


0 . 


7 0 


1 . 


8 0 6 1 0 


3 3. 


3 








7 


6. 


2 9 5 


Q 

*j • 
















2 


8 


- 2 0. 


6 9 2 


0 


7 0 


1 . 


6 9 6 8 0 


5 5. 


6 








g 


1 0 0. 


0 0 0 


0. 


2 0 
















1 0 


2 7. 


9 3 4 


2. 


5 0 


1 . 


8 4 6 6 6 


2 3. 


9 








1 1 


- 1 3. 


2 8 2 


1 


U U 


1 . 


6 6 5 4 7 


5 5. 


2 








1 2 


7 9. 


2 5 3 




variable 














ap.stop 


1 3 




1 • 


6 5 












1 4 


9. 


6 5 5 


9 


o u 


1 . 


6 0 6 0 2 


5 7. 


5 


3.09 


3.75 


3 


1 5 


- 1 9. 


0 0 1 


2. 


3 5 
















1 R 


1 9. 


8 7 9 


1 . 


3 0 


1 . 


4 8 7 4 9 


7 0. 


4 


2 45 


3 60 




1 7 


- 7 0 0. 


0 0 0 


0. 


7 0 


1 . 


8 4 6 6 6 


2 3. 


9 


3.49 


3.40 




1 8 


8. 


2 0 8 




variable 














4 


1 9 


1 1 . 


1 8 9 


1 . 


7 0 


1 . 


6 9 6 8 0 


5 5. 


6 








2 0 


7 0 0. 


0 0 0 


1 . 


0 0 


1 . 


8 0 5 1 8 


2 5. 


4 








2 1 


3 6. 


9 7 4 


1 . 


8 0 


1 . 


6 0 6 0 2 


5 7. 


5 








2 2 


- 3 8. 


0 6 3 




variable 














5 


2 3 


oo 




2. 


7 0 


1 . 


5 16 3 3 


6 4. 


1 








2 4 


oo 





















In Table 1, r (mm) denotes the radius of ciirvature of the lens surfeces, d 
25 (mm) denotes the lens thickness or the air distance between lenses, n denotes the 
refractive index of the lenses at the d-line, and v denotes the Abbe nimiber of the 
lenses at the d-line (this also apphes to Examples 2 to 4 below). 

Table 2 below lists the aspheric coefficients for the zoom lens of this 
example. 
30 (Table 2) 



Surface 




1 4 


1 5 


2 2 


K 


O.OOOOOE+00 


-3. 


45053E-01 


-2. 


S0386E+00 


-1 


.83155E+02 


D 


-1.23365E-04 


-2. 


555T5E-04 


-8. 


71189E-05 


-2 


. 16340E-04 


E 


-1.24521E-06 


2. 


29320E-06 


5. 


71117E-07 


1 


. 48n i E-05 


F 


3.06330E-08 


-6. 


14819E-07 


-4. 


72710E-07 


-3 


. 17582E-07 


G 


-1.68776E-09 


4. 


25557E-09 


0. 


OOOOOE+00 


0 


. OOOOOE+00 



Table 3 below lists the air distances (mm) that can be varied by zooming in 
the case where the object point is located at infinity when measured from a lens tip. 
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The standard position in Table 3 below is the position at which the zoom feictor of the 
second lens group becomes x -l. In Table 3 below, f (mm), F/No, and co (°) 
respectively denote the focus distance, the F number, the incident half field angle at 
the wide-angle end, the standard position and the tele end of the zoom lens in Table 
1 (this also applies to Examples 2 to 4 below). 
(Table 3) 





wide-angle end 


standard 


tele end 


f 


4. 6 5 8 


2 3. 5 3 9 


5 5. 3 0 0 


F/NO 


2. 8 4 0 


2. 8 2 6 


2. 8 3 2 


2 CO 


6 4. 7 18 


13. 4 7 4 


5. 7 2 6 


d 5 
d 1 0 
d 1 4 
d 1 9 


0. 7 0 0 
2 6. 5 0 0 
7. 5 0 0 
2. 0 0 0 


2 0. 7 3 6 
7 . 4 6 4 

4. 15 5 

5. 3 4 5 


2 6. 5 0 0 
1 . 7 0 0 
7. 4 4 0 
2.060 



FIG. 3 shows a zoom lens con%ured on the basis of data shown in the above 
Table 1. In FIG. 3, a group of lenses indicated as rl-r5 compose a first lens group, a 
group of lenses indicated as r6'rl2 compose a second lens group, a group of lenses 
indicated as rl4-rl8 compose a third lens group, and a group of lenses indicated as 
rl9-r22 compose a fourth lens group. Also in FIG. 3, optical components indicated 
as r23 and r24 are flat plates equivalent to an optical low-pass filter and a £ace plate 
of CCD. 

FIGs. 4 to 6 are aberration graphs for the wide-angle end, the standard 
position and the tele end of the zoom lens in this example. In these figures, A is the 
graph for the spherical aberration, and shows the value at the d-line. B is the 
graph for the astigmatism; the soHd curve indicates the sagittal image plane 
curvature, and the broken curve indicates the meridional image plane curvature. C 
is the graph for the distortion. D is the graph for the longitudinal chromatic 
aberration; the soM curve indicates the value for the d-line, the short broken curve 
indicates the value for the F-line, and the long broken curve indicates the value for 
the C-hne. E is the graph for the lateral chromatic aberration; the short broken 
curve indicates the value for the F-Hne, and the long broken curve indicates the 
value for the C-hne (these also apply to Examples 2 to 4 below). 

As becomes clear fix)m the aberration graphs in FIGs. 4 to 6, the zoom lens 
of this example has sufficient aberration correcting capability for achieving a high 
resolution. 
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FIGrs. 7A-7C show the aberration graphs during a camera shake correction 
of 0.31° at the tele end. FIG. 7Ais a graph of the lateral aberration at a relative 
image height of 0.75, FIG. 7B is a graph of the lateral aberration at image plane 
center, and FIG. 7C is a graph of the lateral aberration at a relative image height of 
-0.75; the solid curve indicates the value for the d-hne, the short broken curve 
indicates the value for the F-hne, the long broken curve indicates the value for the 
C-hne, and the dash-dotted curve indicates the value for the g-line (these also apply 
to Examples 2 to 4 below). 

As becomes dear from the aberration graphs shown in FIGs. 7A-7C, the 
zoom lens of this example has feivorable aberration properties even while correcting 
camem shake. 

The following are the values for the conditional egressions for the zoom 
lens of this example. 
1370 = 0.14 
X380 = 0.48 
1^ / RIHl = 2.912 
jfe / fi| = 0.197 
fu-12 / fi = 4.84 
fi32 / fi3 = -2.385 
dsa^u / dsagsi9 = -0.186 
dsagsu / dsag3i9 = -0.176 
dsag32i / dsag^ = -0.218 
dsag4u / dsag4i9 = -0.181 

2(Sgi • CLi2) / RiH = 41.3 
i=i 

(Example 2) 

Table 4 below shows a specific numerical example of a zoom lens according 
to this example. 
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(Table 4) 



Group 


Surface; 


r 


d 


n 




Sg 


CL 


1 


1 

2 
3 

4 

c: 


5 4. 7 2 5 
2 9. 6 7 9 
- 3 0 7. 1 2 5 
2 8. 2 12 
q o R 0 7 


1.30 
6. 0 0 
0. 1 5 
3. 8 0 


1 . 8 4 6 6 6 
1 . 4 8 7 4 9 

1 . 7 7 2 5 0 


2 3. 9 
7 0. 4 

4 9. 6 






2 


6 
7 
8 
9 
1 0 
1 1 
1 ^ 


9 2 0 6 7 
6.314 

- 1 7. 6 4 2 

- 7 0. 0 0 0 

3 0. 3 5 0 

- 1 3. 0 3 6 

A rs n n n 

4 U . U U U 


0 7 0 
3. 5 5 
0.7 0 
0. 2 0 
2. 5 0 

1 . 0 0 

variable 


1 8 0 6 10 

1 . 6 9 6 8 0 

1 . 8 4 6 6 6 
1 . 6 6 5 4 7 


3 3 3 
5 5. 6 

2 3. 9 
5 5. 2 






ap.stop 


1 3 




1.65 










Q 

o 


1 4 

1 C 

1 6 
1 7 

1 O 


9. 5 04 
— If. y 1 o 
2 6. 3 9 1 
- 7 0 0, 0 0 0 

R ^ 1 A 


2. 5 0 

1.30 
0.7 0 

variable 


1 . 6 0 6 0 2 

1 . 4 8 7 4 9 
1 . 8 4 6 6 6 


5 7. 5 

7 0. 4 
2 3. 9 


3.09 

2.45 
3.49 


3.70 

3.40 
3.20 


4 


1 9 

2 0 
2 1 

2 2 


10.86 7 
7 0 0. 0 0 0 

3 2. 3 7 0 
- 3 4. 8 3 1 


1 . 7 0 
1.00 
1.80 

variable 


1 . 6 9 6 8 0 
1 . 8 4 6 6 6 
1 . 6 0 6 0 2 


5 5. 6 
2 3. 9 
5 7. 5 






5 


2 3 
2 4 


oo 
oo 


2.7 0 


1 . 5 16 3 3 


6 4. 1 







Table 5 below lists the aspheric coefficients for the zoom lens of this 
25 example. 

(Tables) 



Surface 


1 2 


1 4 


1 6 


2 2 


K 


0. 


OOOOOE+00 


-3. 


92587E-01 


-2. 


56247E+00 


-1. 


34562E+02 


D 


-1. 


34759E-04 


-2. 


59655E-04 


-8. 


58969E-05 


-1. 


82759E-04 


E 


-1. 


15418E-06 


2. 


00442E-06 


9. 


52159E-08 


1. 


30906E-05 


F 


1. 


95786E-08 


-6. 


71309E-07 


-5. 


51053E-07 


-2. 


63083E-07 


G 


-1. 


44027E-09 


2. 


57405E-09 


0. 


OOOOOE+00 


0. 


OOOOOE+00 



Table 6 below lists the air distances (nun) that can be varied by zooming 
when the object point is located at infinity as measvired fjcom a lens tip. 
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(Table 6) 



5 



10 





wide-angle end 


standard 


tele end 


f 


4.687 


2 3. 8 3" 5 


5 5. 7 7 6 


F/NO 


2. 8 4 3 


2. 8 3 4 


2. 8 3 8 


2 CO 


6 4. 3 0 4 


13. 2 8 6 


5. 6 6 8 


d 5 

d 1 0 
d 1 4 
d 1 9 


0. 7 0 0 
2 6. 500 
7. 5 0 0 
2. 0 0 0 


2 0. 7 4 5 
7. 4 5 5 

4 . 12 6 

5. 3 7 4 


2 6. 5 0 0 
1 . 7 0 0 
7. 4 6 9 
2. 3 0 1 



FIGs. 8 to 10 are aberration graphs for the wide-angle end, the standard 
position and the tele end of the zoom lens in this example. 

As becomes clear fitx»m the aberration graphs in FIGrs. 8 to 10, the zoom lens 
of this example has sufficient aberration correcting capability for achieving a high 
15 resolution. 

FIGs. IIA-IIC show the aberration graphs durii^ a camera shake 

correction of O.SO"* at the tele end. 

As becomes dear from the aberration graphs shown in FIGs. IIA-IIC, the 

zoom lens of this example has feivorable aberration properties even while correcting 
20 camera shake. 

The foUowii^ are the values for the conditional expressions for the zoom 

lens of this example. 

T370 = 0.03 

T380 = 0.27 
25 |fc / K[H| = 2.908 

|fe / fi| = 0.197 

fu-12 / fi = 4.786 

fl32 / fi3 = -2.341 

dsag^u / dsag2i9 = -0.193 
30 dsag3ii / dsag3i9 = -0.218 

dsag32i / dsag329 - -0.178 

dsag4ii / dsag4i9 = -0.177 

|(Sgi • CLi2) / RiH = 38.0 

35 ^1 

(Second Embodiment) 

A zoom lens in this embodiment includes^ 

a first lens group that includes a lens having negative refractive power and 
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a lens having positive refractive power, as well as a lens having positive refractive 
power, arranged in that order from an object side to an image plane side, the frrst 
lens group having an overall positive refractive power and being frsced with respect to 
an image plane? 

a second lens group having an overall negative refractive power, a zoom 
operation being carried out by shifting the second lens group on an optical axis; 

an aperture stop that is fixed with respect to the image plane; 

a third lens group that is made of three single lenses consisting of a convex 
lens, a concave lens and a convex lens, arranged in that order from the object side to 
the image plane side, the third lens group having an overall positive refi:active power 
and beii^ fixed with respect to the optical axis direction when zooming or focusing; 
and 

a fourth lens group that is made of three siii^e lenses consisting of a lens 
having positive refi*active power, a lens having negative refractive power and a lens 
having positive reflective power, arranged in that order firom the object side to the 
image plane side, the fourth lens group having an overall positive refiractive power 
and being shifted on the optical axis so as to maintain the image plane that 
fluctuates when the second lens group is shifted on the optical axis and when the 
object moves, at a certain position firom a reference plane. 

The third lens group can be shifted in a direction perpendicular to the 
optical axis in order to correct image fluctuations durii^ camera shake. 

Furthermore, the second lens group, the third lens group or the fourth lens 
group includes at least one aspheric surfece. 

Also in the zoom lens of this embodiment, it is preferable that the conditions 
of Expressions (3)"(lO) are satisfied. 

It is also preferable for the zoom lens of this embodiment that the aspheric 
surfece of the second lens group is arranged the closest to the image plane side, and 
that the concave surfeice feces the image plane side. 

The following is a more detailed explanation of a zoom lens according to this 
embodiment, iQustrated by specific examples. 
(Example 3) 

Table 7 below shows a specific numerical example of a zoom lens according 
to this example. 
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(Table 7) 



Group 


Surface 


r 


d 


n 


1/ 


Sg 


CL 


1 


1 

2 
3 
4 
5 


5 7. 8 2 5 
3 0. 2 7 1 
- 2 1 5. 2 5 1 
2 6. 9 19 
7 7. 730 


1 . 3 0 
5 . 4 5 
0. 1 5 
3. 8 0 

variable 


1 . 8 4 6 6 6 
1 . 4 8 7 4 9 

1 . 7 7 2 5 0 


2 3. 9 
7 0. 4 

4 9. 6 






2 


6 
7 
8 
9 
1 0 
1 1 
1 2 


8 2. 3 0 7 
6. 2 2 3 

- 2 8. 3 9 2 
6 4. 5 4 1 
2 2. 5 8 4 

- 1 6. 0 4 3 
4 0. Ill 


0 . 7 0 
3. 5 5 
0. 7 0 
0. 2 4 
2. 0 9 
1 . 0 0 

variable 


1 . 8 0 6 10 

1 . 6 9 6 8 0 

1 . 8 4 6 6 6 
1 . 6 6 5 4 7 


3 3. 3 

5 5. 6 

2 3. 9 
5 5. 2 






ap^top 


1 3 




1 . 6 0 










3 


1 4 

1 5 
1 6 
1 7 

1 9 


8.141 
- 7 2. 2 9 5 
3 0. 18 7 
6. 9 8 2 

1 •a 4 fi 7 

8 0. 2 6 3 


1.72 

2. 3 2 
0. 7 0 
0. 6 0 

1 - o o 

variable 


1 . 6 0 6 0 2 

1 . 7 17 3 6 
1 1 R 9 ^ 


5 7. 5 

2 9. 5 


3.09 

3.08 

Cm «J0 


3.90 
3.60 


4 


2 0 
2 1 
2 2 
2 3 
2 4 
2 5 


9 . 0 8 7 
2 3 2 4. 5 8 8 
-3 0 8. 4 4 1 

8. 2 5 4 
10. 3 3 0 
- 1 2 2. 8 6 2 


1 . 7 0 
0.2 0 
0. 7 0 
0. 4 5 
1 . 8 2 

variable 


1 . 8 3 4 0 0 
1 . 8 4 6 6 6 
1 . 6 0 6 0 2 


3 7. 3 
2 3. 9 
5 7. 5 






5 


2 6 
2 7 


oo 
oo 


3. 3 0 


1 . 5 16 3 3 


6 4. 1 
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Table 8 below lists the aspheric coe£&cieiits for the zoom lens of this 



example. 

(Tables) 



Surface 


1 2 


1 4 


2 5 


K 


-2. 


40539E+01 


-3. 


39446E- 


-02 


2. 


94679E- 


-01 


D 


-9. 


44918E-05 


-1. 


83964E- 


-04 


-1. 


44338E- 


-04 


E 


-1. 


74618E-06 


7. 


45147E- 


-07 


1. 


40336E- 


-06 


F 


-2. 


30285E-08 


-1. 


53778E- 


-07 


-1. 


25465E- 


-07 


G 


-5. 


50990E-10 


3. 


37757E- 


-09 


3. 


72879E- 


-09 



Table 9 below lists the air distances (mm) that can be varied by zooming 
35 when the object point is located at infinity as measured fix)m a lens tip. 
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(1^16 9) 



10 





wide-angle end 


standard 


tele end 


f 


4. 6 9 0 


2 4. 13 5 


5 5. 7 3 1 


F/NO 


2. 8 4 0 


2. 8 6 3 


2. 8 2 9 


2 CO 


6 4. 3 4 6 


13. 2 4 2 


5. 7 2 2 


d 5 
d 1 0 
d 1 4 . 
d 1 9 


0. 7 0 0 
2 7. 5 0 0 
7. 5 0 0 
2. 0 0 0 


2 0. 7 3 3 
7. 4 6 7 
3. 8 4 6 
5. 6 5 4 


2 6. 5 0 0 
1 . 7 0 0 
7. 4 4 1 
2. 0 5 9 



FIG. 12 shows a zoom lens configiared on the basis of data of the above Table 
7. In FIG. 12, a group of lenses indicated as rl-r5 compose a first lens group, a 
group of lenses indicated as r6-rl2 compose a second lens group, a group of lenses 
indicated as rl4-rl9 compose a third lens group, and a group of lenses indicated as 
15 r20"r25 compose a fourth lens group. In FIG. 12, optical components indicated as 
r26 and r27 are flat plates equivalent to an optical low-pass filter and a feoe plate of 
CCD. 

FIGs. 13 to 15 are aberration graphs for the wide-angle end, the standard 

position and the tele end of the zoom lens in this example. 
20 As becomes dear fix)m the aberration graphs in FEGs. 13 to 15, the zoom 

lens of this example has sufiELcient aberration correcting capabilily for achieving a 

very hi^ resolution. 

FIGs. 16A-16C show the aberration graphs dvuring a camera shake 

correction of 0.33° at the tele end. 
25 As becomes clear firom the aberration graphs shown in FIGs. 16A- 16C, the 

zoom lens of this example has feivorable aberration properties even while correcting 

camera shake. 

The following are the values for the conditional e3q)ressions for the zoom 

lens of this example. 
30 |fe / RIH| = 2.911 

\f2 I fi| = 0.197 

fii-12 / fi = 4.725 

fl32 / fi3 = -1.949 

dsag2u / dsag2i9 = -0.159 
35 dsagaii / dsag3i9 = -0.210 

dsag4u / dsag4i9 = -0.185 
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lOS© • CLi2) / RIH = 42.2 

(Third Embodiment) 

A zoom lens in this embodiment includes' 

a first lens group that includes a lens having negative refiractive power and 
a lens having positive refi'active power, as well as a lens having positive refi^active 
power, arranged in that order from an object side to an image plane side, the first 
lens group having an overall positive refiractive power and being fixed with respect to 
an image plane! 

a second lens group that is made of a concave menisciis lens, a double 
concave lens, a double convex lens and a convex lens, arranged in that order &om an 
object side to an image plane side, havii^ an overall negative refi:^ctive power, a 
zoom operation being carried put by shiBing the second lens group on an optical axis! 

an aperture stop that is fixed with respect to the image plane! 

a third lens group that is made of a double convex lens and a cemented lens 
consisting of a convex leiis and a concave lens, arrai^d in that order fix)m an object 
side to an image plane side, the third lens group having an overall positive refiractive 
power and being fixed with respect to ihe optical axis direction when zooming or 
focusing; and 

a fourth lens group that is made of a single (conve^ lens, being shifi^ed on 
the optical axis so as to maintain the image plane that fluctuates when the second 
lens group is shifted on the optical axis and when the object moves, at a certain 
position fix)m a reference plane. 

The third lens group can be shifted in a direction perpendicular to the 
optical axis in order to correct image fluctuations during camera shake. 

Furthermore, the second lens group, the third lens group or the fourth lens 
group includes at least one aspheric surface. 

Also in the zoom lens of this embodiment, it is preferable that the conditions 
of Expressions (3)-(l0) are satisfied. 

Also in the zoom lens of this embodiment, it is preferable that the aspheric 
surfece of the second lens group is arranged the closest to the image plane side, and 
that the concave surfece faces the image plane side. 

The following is a more detailed explanation of a zoom lens according to this 
embodiment, iQustrated by specific examples. 
(Example 4) 

Table 10 below shows a specific nvimerical example of a zoom lens according 
to this example. 
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(Table 10) 



Group 


Surface 


r 


d 


n 


V 


.Sg 


CL 




1 


6 4. 


8 5 5 


1 . 


3 0 


1 . 


8 4 6 6 6 


2 3. 


9 








2 


2 7. 


4 1 2 


6. 


5 5 


1 . 


6 0 3 1 1 


6 0. 


7 






1 


3 


— 1 4 y . 


1 / 1 


0 . 


1 5 
















4 


2 2. 


6 8 1 


3. 


9 5 


1 . 


7 7 2 5 0 


4 9. 


6 








c 


5 7. 


3 5 8 




variable 
















6 


5 7. 


3 5 8 


0. 


7 0 


1 . 


8 3 4 0 0 


3 7. 


2 








7 


6. 


0 2 7 


2. 


7 5 














2 


8 


-11. 


4 3 1 


1 . 


0 0 


1 . 


6 6 5 4 7 


5 5. 


2 








9 


2 4. 


9 9 3 


0. 


5 5 
















1 0 


1 5. 


5 2 8 


2 . 


2 0 


1 . 


8 0 5 1 8 


2 5. 


4 








1 1 


- 1 5. 


5 2 8 


0 . 


7 0 


1 . 


6 9 6 8 0 


5 5. 


6 








1 o 


9 7. 


0 1 1 




variable 














ap.stop 


1 3 




2. 


1 0 












1 4 


1 0. 


7 0 1 


o 

. 


7 n 
f u 


1 . 


5 14 5 0 


6 3. 


1 


2.39 


3.90 


3 


1 5 


- 1 5. 


8 5 6 


3. 


4 0 
















1 R 


8. 


5 3 0 


2. 


3 0 


1 . 


4 8 7 4 9 


7 0. 


4 




1 fin 




1 7 


- 7 0 0. 


0 0 0 


0. 


7 0 


1 . 


8 4 6 6 6 


2 3. 


9 


3.49 


3.50 




1 8 


7. 


0 8 6 




variable 














4 


1 9 


9. 


4 3 3 


2. 


5 0 


1 . 


6 0 6 0 2 


5 7. 


4 








2 0 


-51. 


1 8 8 




variable 














5 


2 1 


oo 




2. 


7 0 


1 . 


5 16 3 3 


6 4. 


1 








2 2 


oo 





















Table 11 below lists the aspheric coeflBLdents for the zoom lens of this 
example. 
25 Clkble 11) 



Surface 


8 




1 5 


1 9 


2 0 


K 


2. 


90787E-01 


-1.39931E+00 


-9. 


66288E- 


■01 


-5. 


30841E-01 


-4.53023E+01 


D 


7. 


42659E-05 


-1.76234E-04 


-1. 


07190E- 


-04 


2. 


18369E-05 


5.43407E-05 


E 


-9. 


45583E-06 


5. 34872E-07 


-1. 


16524E- 


-06 


4. 


25755E-06 


4. 79802E-06 


F 


4. 


14403E-07 


-5.48708E-07 


-4. 


24862E- 


-07 


-1. 


82715E-07 


-2.84861E-07 


G 


-1. 


09933E-08 


8. 94570E-09 


4. 


56042E- 


-09 


1. 


22783E-09 


1.26562E-09 



Table 12 below Usts the air distances (mm) that can be varied by zooming 
when the object point is located at infinity as measured from a lens tip. 
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(Table 12) 





wide-angle end 


standard 


tele end 


f 


4. 6 7 4 


2 2. 9 3 2 


5 6. 9 3 4 


F/NO 


2. 8 16 


2.711 


2. 8 18 


2a) 


6 5. 0 3 0 


13. 8 9 0 


5. 5 3 4 


d 5 
d 1 0 
d 1 4 
d 1 9 


1 . 0 0 0 
2 1. 5 0 0 
7. 2 0 0 
1 . 0 0 0 


16. 5 4 7 
5. 9 5 3 
3.314 
4.869 


2 1. 0 6 0 
1 . 4 4 0 
7. 2 9 8 
0. 9 0 2 



FIG. 17 shows a zoom lens configured on the basis of data of the above Table 
10, In FIG- 17, a group of lenses indicated as rl-r5 compose a first lens group, a 
group of lenses indicated as r6-rl2 compose a second lens group, a group of lenses 
15 indicated as rl4-rl8 compose a third lens group, and a group of lenses indicated as 
rl9-r20 compose a fourth lens group. In FIG. 17, optical components indicated as 
r21 and r22 are flat plates equivalent to an optical low-pass filter and a feioe plate of 
CCD. 

FIGs. 18 to 20 are aberration graphs for the wide-angle end, the standard 
20 position and the tele end of the zoom lens in this example. 

As becomes clear from the aberration graphs in FIGs. 18 to 20, the zoom 
lens of this example has su£5.cient aberration correcting capabiUty for achieving a 
very high resolution. 

FIGs. 21A-21C show the aberration graphs during a camera shake 
25 correction of 0.31° at the tele end. 

As becomes clear fix)m the aberration graphs shown in FIGs. 21A-21C, the 
zoom lens of this example has fevorable aberration properties even while correcting 
camera shake. 

The following are the values for the conditional expressions for the zoom 
30 lens of this example. 

|fe / RIHl = 2.261 

\f2 / fi\ = 0.186 

fii-12 / fi = 3.597 

fl32 / fi3 = -1.605 
35 dsag2u / dsag2i9 = -0.131 

dsag3u / dsag3i9 = -0.196 

dsag32i / dsag329 = -0.219 
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dsag4ii / dsag4i9 = -0.418 
dsag42i / dsag429 = -0.152 

2(Sgi • CLi2) / RiH = 42.4 

5 i=l 

(Fourth Embodiment) 

FIG. 22 is a layout illustrating a configuration of a video camera according 
to a fourth embodiment of the present invention. 

As shown in FIG. 22, the video camera according to this embodiment 

10 includes a zoom lens 221, a low-pass filter 222 and an imaging element 223 arranged 
in this order on the image plane side of the zoom lens 221. A viewfinder 225 is 
connected to the imaging element 223 via a signal processing circuit 224. Here, for 
the zoom lens 221, the zoom lens (see FIG. 3) of Example 1 havii^ a camera shake 
correction function is used, and thus a video camera, which is small, %ht-we^it 

15 and able to save power, can be realized. Moreover, to the third lens group of the 
zoom lens 221, a sensor 227 for detecting camera shake is connected via an actuator 
for shifiii^ the third lens group in a perpendicular direction with respect to the 
optical axis. 

It should be noted that in this embodiment, the zoom lens of the Example 1 
20 as shown in FIG. 3 is used, but it is also possible to use any of the zoom lenses, for 
example, of Examples 2-4 instead. 
(Fifth Embodiment) 

FIG. 23 illustrates a configuration of a d^tal still camera accordii^ to a 
fifth embodiment of the present invention. 
25 In FIG. 23, 231 denotes a zoom lens (FIG. 3) of Example 1 having a camera 

shake correction fimction. Furthermore, 232 denotes a collapsible lens barrel, 233 
denotes an optical viewfinder, and 234 denotes a shutter respectively. 

It shoidd be noted that in this embodiment, the zoom lens of Example 1 as 
shown in FIG. 3 is used, but it is also possible to use any of the zoom lenses, for 
30 example, of Examples 2-4 instead. 
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